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Human Testing of Pesticides: Ethical and Scientific Considerations | Alan H. Lockwood, MD I reviewed ethical and scientific aspects of 6 human pesticide-dosing studies submitted to the Environmental Protection Agency (EPA) for consideration during the pesticide reregistration process. All had serious ethical or scientific deficiencies-or bothincluding unacceptable informed consent procedures, unmanaged financial conflicts of interest, inadequate statistical power, inappropriate test methods and endpoints, and distorted results.
Given today's knowledge of the effects of pesticides, there is no assurance that any such study can be completely free of short-term risks, longterm risks, or both. Therefore, there is no basis for allowing pesticide studies to continue or for using them during the pesticide reregistration process. An EPA committee that is free from political and financial conflicts of interest should review this practice. (Am J Public Health. 2004; 94: 1908 -1916 PESTICIDES ARE DEFINED BY the Environmental Protection Agency (EPA) as "substances used to prevent, destroy, repel or mitigate any pest . . ." 1 Their widespread use has both improved crop yields and helped control insects and other pests, which has subsequently led to improvements in health. However, they are inherently toxic and have been linked to a broad range of human health problems, including cancer, damage to the central and peripheral nervous system, and interference with neurodevelopment and the endocrine system. The federal government regulates pesticide use with 2 major pieces of legislation: the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) and the Federal Food, Drug, and Cosmetic Act (FFDCA). Because of concerns that children may be particularly vulnerable to the effects of pesticides, the US Congress requested the National Academy of Sciences (NAS) to study policy and scientific issues related to pesticides in the diets of infants and children. 2 The result led to unanimous Congressional action that amended FIFRA with the Food Quality Protection Act of 1996 (FQPA). Among its provisions, FQPA added a children's safety factor to existing pesticide tolerances, where tolerance is defined as the maximum concentration of a pesticide residue permitted in food, and a requirement that all pesticides be reregistered. This move led to experiments that may affect tolerances set during reregistration, including controversial experiments in which human volunteers were given pesticides to determine a "no observable effect level" (NOEL) or a "no observable adverse effect level" (NOAEL). Before FQPA was enacted, tolerances were set by dividing the NOEL by an uncertainty factor that had 2 elements: an interspecies factor of 10 to account for the possibility that humans are more sensitive than the test animal and an intraspecies uncertainty factor of 10 to account for intraspecies variations. With FQPA, the provision of a children's safety factor added another factor of 10 to the uncertainty factor, which yields a total uncertainty factor of 1000 for children and 100 for the general population. By establishing a NOEL for humans, the interspecies uncertainty factor would become unnecessary and would change the total uncertainty factor to 100 for children and 10 for the general population, with a concomitant effect on tolerances.
The controversies triggered by human testing have resulted in at least 3 major reports. However, close reading of these reports strongly suggests that the authors did not have access to the detailed protocols and reports that described the human studies submitted to the EPA by the pesticide manufacturers and the contract research organizations they employed to conduct the tests. The most recent of these was commissioned by the EPA and was conducted by a committee appointed by the National Research Council of the NAS. 3 The committee concluded that intentional-dosing studies among humans can be conducted and can be used for EPA regulatory purposes if stringent conditions are met. Although it could not envision a circumstance in which the deliberate dosing of children would be permissible, the committee failed to recommend prohibiting this practice. To better understand issues related to human testing, I obtained reports about testing from the EPA under the Freedom of Information Act; 6 reports from 1992 to 1999 were provided by the agency. [6] [7] [8] [9] [10] [11] A synopsis is shown in Tables 1 and 2. I The azinphos methyl study also refers to the pesticide as "the compound under test." Risks and requirements are listed in an "information document given to me" that states "large increases of acetylcholine in the nervous system can cause increased salivation, sweating, reduced blood pressure, nausea, vomiting and stomach cramps." It fails to mention weakness, respiratory failure, and death. Although the subject was "free to withdraw from the study at any time without needing to justify my decision," it goes on to say that if a participant withdraws for nonmedical reasons, "the payment to be made [£1500], if any, shall be at the discretion of the supervising doctor" (emphasis added).
9(Appendix A) The declaration prohibits coercion. The chlorpyrifos consent is marred by the first sentences in the side effects statement: "Cholinesterase inhibitors are a widely study [ The azinphos methyl study mentions toxicological studies in animals and several unpublished human studies. The chlorpyrifos study mentioned animal studies without summarizing the data, and 1 published and 1 unpub- Note. ANOVA = analysis of variance; M = males; F = females. In phase 2 of the 2-phase dichlorvos study, boldface numbers in sample interval column denote days on which subjects were dosed.
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Scientific Considerations
Experimental design and accurate reporting of results. Because it is unethical to perform studies of poor scientific quality, this area of inquiry bridges the closely related elements of ethics and science. Information about methods, variables measured, statistical tests, and conclusions is shown in Table 2 .
A power analysis to define the proper size of study group(s) is an essential part of the design. If too many participants are enrolled, the excess will be subjected to unnecessary risk. If too few are enrolled, the investigator risks erroneous acceptance of the null hypothesis. Underpowered studies are inconclusive, and all participants in an underpowered study will have been exposed to risk unnecessarily. All of these studies were underpowered. 4 All 6 investigations studied young healthy adults, the population least likely to be affected by pesticides. None performed preenrollment pesticide exposure studies, and only 1, the chlorpyrifos study, measured paroxonase levels. Low paroxonase levels increase the sensitivity to some organophosphates, including chlorpyrifos.
14 There is no evidence that paroxonase activity was a selection criterion or affected the analysis or interpretation of the results. These data cannot be generalized to children, the focus of FQPA, and probably cannot be generalized to the general population. The declaration states, "The physician is obliged to preserve the accuracy of the results." Although this generally refers to publication in biomedical literature, 15 it also should apply to these reports. In each study, the investigators focused their statistical evaluations on red cell and plasma AChE activity. They then treated this as a biological marker of exposure devoid of clinical relevance. After detecting significant AChE effects, they concluded that they had established a NOEL. However, as shown in Table 2 , few protocols used rigorous methods to collect and evaluate any data other than AChE activity. Thus, it is not clear how they justified the NOEL conclusion. The aldicarb study has the most appropriate statement: "Due to the multiplicity and investigational nature of these analyses, the observed p-values should be used for descriptive purposes rather than formal hypothesis testing." 11(p24) This minimizes the investigators' AChE findings. However, they then proceeded to claim that "the NOEL for clinical signs is . . . 0.05 mg/ kg" 11(p36) because they observed "definite" evidence of toxicity in 1 subject who was given 0.06 mg/kg. This assertion was made in the absence of a prospective strategy for collecting and applying statistical analyses to relevant data. The most egregious distortion was found in the 2-phase 21-mg/ day dichlorvos study in which AChE activity reached the withdrawal criterion in 2 participants on day 12 and 2 more on day 15. Yet, the investigators concluded that a NOEL level was established "at or close to 21 mg dichlorvos following repeated daily oral administration." 6(p11) They do not justify reaching this conclusion.
Adherence 
DISCUSSION
I have provided evidence for departures from the ethical standards in effect at the time studies were conducted. The studies reviewed also had inadequate designs, and there were biases in the interpretation of data. The EPA must decide whether or how to use these submissions. This article is designed to inform the discussion and the debate that will occur during that process and to assist any associated rulemaking.
Voluntary informed consent is the core of contemporary ethical guidance, including the Nuremberg Code, the Belmont Report, the Common Rule, and the Declaration of Helsinki. This means that there should be an explanation of the aims, methods, sources of funding, possible conflicts of interest, and anticipated risks and benefits of a study. The study itself must be scientifically acceptable.
Because all 6 studies have been submitted to the EPA and have not been published in any form that is retrievable by MEDLINE, there is little doubt about their real purpose-the production of data that will be used to affect the pesticide regulatory process. This was not revealed to the study participants. Unacceptable deficiencies in the consent documents (e.g., failure to identify the test compound as a pesticide), inclusion of statements that are potentially coercive, misleading statements about the effects, and a failure to identify the source of funding raise serious doubts as to whether the participant's signatures were a reasonable reflection of informed voluntary consent.
All the studies included evidence of an unmanaged conflict of interest. The institutional review boards and the investigators  HEALTH POLICY AND ETHICS  were all part of the same organization. Conflicts of interest have been central to the critiques of several recent studies that involved human participants. The most notable of these focused on the death of Jesse Gelsinger during a phase-I clinical trial of a gene therapy technique. 15 Explicit statements about human subject protection and conflicts of interest are now required by most medical journals, 16 and a recent NAS publication urged the development of "distinct mechanisms for the initial focused reviews of scientific and financial conflicts of interest . . . that should precede and inform" 15(p11) reviews by institutional review boards. 15 These policies should be applied to studies submitted to the EPA. Ascertaining and weighing risk against potential benefit is perhaps the most difficult yet most important task for institutional review boards. The Declaration of Helsinki states that human studies "should be based on adequately performed laboratory and animal experimentation and on a thorough knowledge of the scientific literature."
12 The reports I reviewed are remarkably devoid of this information. An April 23, 2004 , MEDLINE search of the term "pesticide, organophosphates" (restricted to the subtopics poisoning, adverse effects, and toxicity in humans and written in English) yielded 208 articles that were published between 1987 and 1996 and an additional 253 that were published between 1997 and 2004. Although the institutional review boards could have asked for additional data from the investigators, there is no indication that they did so before approving the studies. This may be a manifestation of the conflict of interest or a lack of expertise and experience on the part of the members of the institutional review boards. Safety monitoring consisted largely of serial measurements of vital signs and standard blood chemistries and the use of adverseevent recording forms. Each of the studies appears to have been performed over a short period of time-the dates on the 3 dichlorvos reports span only 3 weekswhich suggests that the studies may have been designed, approved, and executed as a group. Although inclusion and exclusion criteria were specified, and there were withdrawal criteria for some, there was no evidence of active oversight by the institutional review boards. In the case of the 2-phase dichlorvos study in which AChE activity reached the withdrawal criterion in 4 of the 6 dosed participants, there is no evidence that the investigators or the institutional review board considered halting the study. Poststudy monitoring of participants in all 6 studies was limited to the time during which AChE activity was expected to return to normal.
It is important to consider design omissions in addition to the deficiencies I have discussed. In studies of chemicals that act on the central nervous system, it is essential to employ tests that are highly sensitive to small differences in brain function. Neuropsychological and electrophysiological tests do just that, and they have been used widely in studies of mercury exposure and other toxicants 17 and to detect minimal brain dysfunction among patients who have cirrhosis of the liver. 18 In another relevant study, neuropsychological tests were combined with positron emission tomographic scans of patients who appeared to be clinically normal. 19 The researchers found unsuspected deficits in performance on the neuropsychological tests that were correlated with focal reductions in cerebral glucose metabolism. None of the 6 studies I reviewed used tests of this nature. Thus, the conclusions that there were no biologically significant effects are unsupported by rigorous preplanned testing of the type necessary to detect small effects. This may be the most important, and the least appreciated, defect in the design of these studies. A recent NAS report that concluded that human pesticide testing was permissible contained important qualifiers-the studies should be approached with the "utmost caution and care" 3(p4) and were permissible only if there is a "reasonable certainty that participants will experience no adverse effects." 3(p5) In the studies I reviewed, there were no plans for long-term monitoring or for any consideration that there might be delayed or long-term effects. This possibility must be considered because of current knowledge about pesticides. The discovery that parkinsonism can be caused by the paraquat lookalike MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine) led to studies that identified pesticide exposure as a risk factor for the development of parkinsonism. 20 These epidemiological studies have been supplemented by the development of animal models of parkinsonism. Animals that were fed rotenone 21 26 This may account for reduced birthweights and head circumferences among children who were born to pesticideexposed mothers. 27, 28 Neurotoxicological data make it impossible to assure a potential pesticide-dosing study participant that there is no risk for the development of neurological injury.
The motivation behind industrysponsored human-dosing studies is clear: the industries want to abolish, or at least reduce, the interspecies uncertainty factor and thereby allow the EPA to accept higher tolerances. 29 The motivation to press for higher tolerances is more apparent after a review of some of the findings from a recent EPA organophosphate risk assessment. 30 In the assessment, the EPA estimated composite margins of exposure for all of the organophosphates among children and adults of various ages who live in different parts of the country. The margins of exposure were calculated by dividing a measure of a minimal effect (technically, the point of departure) by the exposure to all organophosphates, which were summed for all routes. Somewhat paradoxically, as the exposure decreases and the margin of exposure increases, the apparent risk decreases. Thus, a high margin of exposure is an indication of low apparent risk, and a low margin of exposure is an indication of higher risk. In the absence of NOEL data for humans, the point of departure used for the margin-of-exposure calculations was based on animal experimentation and was defined as the amount of various organophosphates required to inhibit brain AChE activity by 10%, a level that may affect brain development. In Figure 1 , daily margins of exposure are shown for the most highly exposed children aged 1 to 2 years in the northeast-north-central region of the United States. Marginof-exposure data are corrected for the tentatively assigned FQPA children's uncertainty factors, which ranged from 1 to 3. When the current uncertainty factors are used, the target margin of exposure is 100. As shown in Figure 1 , the most highly exposed children-those at the 99.9th percentile-had margins of exposure below this target.
Abolition of the interspecies uncertainty factor would lower the target margin of exposure to 10, and the most highly exposed children would then have margins of exposure higher than the target. However, this apparent risk reduction would not change the actual risk or exposure. Dichlorvos accounts for almost all the total organophosphate exposure among the highly exposed group. 30 It is undoubtedly no coincidence that dichlorvos was the test substance in 3 of the tests I reviewed. It also is worth noting that if the FQPA children's safety factor were raised from 3 to 10, and if other uncertainty factors were preserved, then 5% of all children aged 1 to 2 years would have margins of exposure lower than the target, which would be raised to just over 300.
CONCLUSIONS
Two of the 3 committees that evaluated the ethics of human pesticide-dosing studies have concluded that human pesticidedosing studies pose serious ethical concerns, and the third committee set conditions that would apparently protect study participants. However, my empirical examination of 6 studies submitted to the EPA shows that these protections were not achieved and are probably not achievable. Hence, these tests should not be conducted, and the EPA should rely on other data during the pesticide reregistration process.
Human-dosing studies have failed to meet widely accepted ethical standards for the conduct of research. The studies I re- 
29,34
 HEALTH POLICY AND ETHICS  viewed are all flawed by ethical lapses and poor design, particularly with regard to low statistical power, inadequate test methods, and endpoints that fail to detect small effects on the central nervous system. Therefore, the EPA should not rely on these data during the pesticide reregistration process. In particular, these data should not form the basis for the abolition or the alteration of the interspecies uncertainty factor, a decision that would benefit the pesticide industry financially. To accept these studies would open the door to other poorly conducted studies and would violate the principle that those who engage in unethical activity should not reap rewards.
31
The EPA should promulgate rules that allow it to convene an in-house ethics review panel that is free of financial conflicts of interest and political influence 32, 33, 34 and that is charged with the task of deciding the fate of these and similar studies. This article was accepted June 19, 2004. 
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